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SUMMARY 

A n  investigation  was  made 3n the  Langley  high-speed 7- by  10-foot 
tunnel to determine  the  effects of geometric  dihedral on the  aerodynamic 
characteristics of wing-fuselage  combinations having wings of aspect 
ratio 4, taper  ratio 0.6, and  angles of sweep of 3 . 6 O  and 45O at  the 
quarter-chord  line.  The  investigation  covered  dihedral  angles  of -loo, 
-5O, 5 O ,  and 10' and a Mach number  range  from 0.40 to 0.95. In order to 
expedite  publication only  a very  brief  analysis has been  included;  how- 
ever,  the  results  indicate  that  at  angles of attack  to  about 6 O  the 
effect  of  geometric  dihedral on the  effective-dihedral  parameter  is 
slightly  larger  than would be  predicted.  At  angles  of  attack  corre- 
sponding roughly to the s t a l l ,  the  effect of geometric  dihedral  on  the 
effective-dihedral  parameter  was  rather small and  somewhat  erratic. 

.. 

INTRODUCTION 

A systematic  research  program  is  being  conducted in the  Langley 
high-speed 7- by  10-foot  tunnel to determine  the  aerodynamic  character- 
istics in pitch and sideslip  of a series of wing plan  forms  at  high  sub- 
sonic  speeds.  (For  example, see ref s . 1 and. 2. ) The  configurations 
investigated are wing-fuselage  combinations  with  the wing mounted in the 
midwing  position  at  zero  dihedral.  Some  data  on ths effects  of  geometric 
dihedral  on  the  low-speed  characteristics  of a 450 swept win@; are  given 
in  reference 3 and  some  theoretical  predictions  of  the  effects of dihe- . drd are  given in reference 4. 
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This paper  presents some data, at Mach rimers up t o  0.95, on the 
effects  of geometric dihedral on the aerodynamic chmacter i s t ics   in  
pitch and sideslip of an unswept and E 45O sweptback w i n g .  The tests 
covered dfhedral angles from -loo t o  10° and angles of attack up t o  24O. 
In  order  to  expedite  publication, only a very brief analysis of the 
resu l t s  i s  presented. 

The s t ab i l i t y  system of axes used f o r  the presentation of the data, 
together with an indication of the positive directions o f  f o r c e s ,   m e n t s ,  
and angles, is preserrted in figure I. A l l  coefficients are based on the 
area and span  of  the wing with  zero dihedral and the moments for  all 
dihedral  configuratfons are referred  to  a common  moment reference  point 
a t  the  projection of the que;rter-chord points of the mean aeroaynamic 
chord on the fuselage center line. 

lift coefficient, L i f t  /qS 

pitching-moment coefficient,  Pitching moment /qSE 

drag coefficient, Drag/qS 

rolling-moment coefficient, Rolling moment  /qSb 

yawing-moment coefficient, Yawing moment/qm 

lateral-force  coefficient,  Lateral-force/qs 

dynamic pressure, pV2/2, lb/sq f t  

mass density of air ,  slugs/cu ft 

free-stream  velocity,  ft/sec 

Mach  number 

Reynolds number, E 
CI 

absolute  viscosity of air, slugs/ft-sec 

wing mea, eq f t  

.L 



b WFng span, ft 

C w i n g  chord, f t  - 
E mean aerodynamic 

. 

a angle of attack, 

3 

B angle of sideslip, deg 

r geometric dihedral angle, deg (measured in a plane  perpendicular 
t o  the  plane of  symmetry) 

A sweepback angle of quarter-chord l ine,  deg 

acDbp base-pressure  drag  coefficient 
- 

C = -, per deg 
I a8 

MODEL AND APPARATUS 

The wing-fuselage combinations tested are shown in  figure 2 and are 
two of the wing-fuselage coniblnations used in the investigations  reported 
i n  references 1 and 2. Both w i n g s  had an NACA 65~006 a i r f o i l  section 
paral le l  t o  the  fuselage  center  line and  were attached t o  the  fuselage 
i n  a midwing position. Shim blocks used t o  obtain  the  desired  dihedral 
angle were designed so that the wing-chord plane always intersected  the 
fuselage  center llne. Negative dihedral  angles were obtained by testing 
the model inverted. . 



The 3.6O sweptback Xing was constructed of sol id  aluminum alloy. 
The 450 sweptback wing was of composite  construction,  consisting of a 
s t e e l  core and a bismuth-tin  covering. The ordinates of' the aluminum 
fuselage, which wae used for  both  configurations,  are  presented in 
reference 5. 

The models were tes ted on the  sting-type  support  system shown i n  
figures 3 and 4. With this support system the model can  be remotely 
operated through a 280 angle-of-attack  range in the  plane of  the ver t fca l  
s t r u t .  By using couplings i n  the  st ing behind  the model, the model can 
be rolled through goo SO that either angle of attack ( f ig .  3) or  angle 
of s ides l ip   ( f ig .  4) can be the remotely-controlled  variable. With the 
wings horizontal (ffg . 3) the couplings  can be uaed t o  support the model 
at angles of s idesl ip  of approximately -4O and bo, while the mdel is  
tes ted through the angle-of-attack range. 

The t e s t s  were conducted i n  the Langley  high-speed 7- by l0-foot 
tunnel. Six component measurements were made by means of an internally 
mounted strain-gage  balance  for dihedral angles  of -m0, -5O, 5' and 10'. 
A l l  configurations were tested at angles of s idesl ip  of -bo, Oo, and bo 
through an angle-of-attack  range f m  -3O t o  24O a t  several selected 
Mach nmibers. In addition, all configurations were tes ted at Oo angle 
of attack  through a sidesup-angle range from -3O t o  l2O at Mach nuufbers 
up t o  0.95. The estimated choking Mach nunhers were 0.94 and 0.96 for  
the 3.6O and 45O sweptback configurations,  respectively. The b l o w  .I 

corrections which were applied were determined  by the velocity-ratio 
method of  reference 6 .  

The varriatbn o f  Reynolds number dth test Mach  number i s  presented 
in   f igure 5 and ie based on the wlng mean aerodynamic chord  of 0.765 fee t .  

The jet-boundary  corrections w h i c h  were applied  to the angle of 
attack and drag were determined from reference 7. The corrections  to 
the other components are negligible. Tare values were determined and 
were found t o  be  negllgible for a l l  componente except drag. A drag- 
coefficient increment of 0.002 should be added t o  the data presented t o  
account fo r  the interference of the sting. The drag data have been 
adjusted  to correspond t o  EL pressure at the base of the fuselage equal 
t o  free-stream static pressure. For this correction,  the base pressure 
w a s  determined by messuring the  preseure at a point inside the  fuselage 
9 inches  forward of the base. The correction, which was added t o  the 
data  and which did not change with dihedral  angle, i s  presented in 
figure 6 .  . 
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r The angle of attack and  angle of s idesup  have been corrected f o r  
the  deflection of the  sting-support system and balance under load. 

I No corrections for the  aeroelastic  distortion have  been applied to 
the data presented. Although the  corrections  developed in references 1 
and 2 are applicable  to  the  basic  data,  the  effect of aeroelastic dis- 
to r t ion  on the effects  of geometric  dihedral would be  expected t o  be 
small. 

PRESENTATION OF RESTJLTS 

The resu l t s  of the  investigatfon are presented in the following 
figures : 

Figure 
Variation of CL with a:. . . . . . . . . . . . . . . . . . . . .  7 
Variation of % with a . . . . . . . . . . . . . . . . . . . . .  8 
Variation of C, with a: 

. . . . . . . . . . . . . . . . . . . .  10 Variation of C with a: 
. . . . . . . . . . . . . . . . . . . . . .  9 

Variation of Cn with a . . . . . . . . . . . . . . . . . . . . .  11 

Variation of Cy with a . . . . . . . . . . . . . . . . . . . .  12 

Variation of Cz with p at a: = Oo . . . . . . . . . . . . . . .  13 
Variation of Cn with at a = Oo . . . . . . . . . . . . . . .  14 

Variation of c with r at a: = o0 . . . . . . . . . . . . . .  16 
- Variation of C with M at a =  Oo 17 

28 
B 
B 

. Variation of Cy with p at a: = Oo . . . . . . . . . . . . . . .  15 
2B 

'Br 
. . . . . . . . . . . . . .  

The data for the zero dihedral configurations  (figs. 7 t o  12) were 
taken from references 1 and 2 and a r e  presented  again  here f o r  complete- 
ness and ease of comparison. 

A comparison of the effective  dihedral  parameter  with  avail- 

able wing-alone theory  indicates that the  experimental  dihedral  effect 
was only slightly  larger  than  that   predicted for either of the two wings 
throughoL the   t es t  Mach  number range. It may be  noted from the  basic 
data of figure 10, however, $hat the values of Cz given in figure 17 

apply only at angles of attack t o  about 6'. A t  higher angles of attack, 
Br 

- variations i n  geometric  dihedral have an e r ra t i c   e f f ec t  on C and at  

20° angle. of attack f o r  the unswept w i n g  the highest posit ive  effective 
IB 

- - 



dihedral  actually is  obtained with the  largest  negative  geometric  dihe- 
dral. A t  angles of attack corresponding  roughly to   the stall, the e f fec t  
of geometric dihedral on the effective  dihedral  parameter was rather 
small. 

An investigation  of  the effects of geometric dlhedral angle on the 
characterist ics in pitch and sideslip of 3.6O and 45' S~eptb8ck-wing- 
f'usebge  combinations  indicates that at anglee of  at tack up t o  about 6' 
the  effect  of geometric dihedral on the ef fec t ivedihedra l  parameter l e  
slightly larger th&n the predicted  effect. A t  angles of attack  corre- 
sponding  roughly t o  the stall, the effect  of geometric dihedral on the 
effectfve-dihedral  parameter w-as rather small and somewhat e r r a t i c .  

Langley Aeronautical  Laboratory, 
National Advieory Conrmittee for Aeronautics, 

Langley Field, Va., May 25, 1953. 
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Yawing moment 

a I 

Figure 1.- System of axes used showing positfve direction of forces, 
moments, angles, and velocities. 
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- 
Fuselage: 

Lsngfh 4 /  f f  
Max diam. .4/6ff 
position of max. diam. 25ft 

0 I 2 - 
Scu(e , feef 

9 

Wing: 

Area 225sqf f  

C h d  
span 3 o f f  

T@ 5562 f f  

Mean aerodymmic chrd .765ff 
Aspscf rafio 4 
Taper rutio .6 
Incidence 0 
Airfoil secfion 

ROVt ,938ff 

porcl/lee/ to fusaboe Q NACA 65ACW6 

A = 3 6 O  A = 45* 

Figure 2.- Geometry of the models. 



. .. .. . 

ip -. . . 

! L  

Figure 3.- A typical model inetal led on the et lng suppart system far 
variable-angle-of-attack t e s t s .  Shawn a t  4' angle of  sideslip. 

.. . .  . .  



. .. . . . . . . . . . . .  .. . .  

I 

Figure 4.- A lq-picd. model Installed for variable-augle-of-side6li.p tests .  
Shown at Oo angle of attack. 
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FYgure 5 .- Variation of Reynolds mnnber with Mach number. 
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.80 0 

.70 0 
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L I C  

, a 2  

, o  

- n s  "4 0 4 8 /6 20 24 

(a) A = 3.6O. 

Figure 6.- Increment of drag coefficient due to base pressure for a l l  
dihedral angles. f3 = Oo. 
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-4 0 4 8 /2 16 20 24 

Angle of attack, a , deg 

(b) A = 4'3'. 

I lgure 6 .- Concluded. 
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.9/ 0 
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Angle of uffack, o , deg 

(b) A = 45O. 

Figure 7.- Concluded. 
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(a) A = 3.6O. 



18 

.9/ 0 

.m 0 

- NACA RM L53F09 

4 0 4 8 1 2 1 6 2 0 2 4  

Angle of a t tmk,  u ,  dep 

(b) A = 4'3'. 

Figure 8.- Conclu&ed. 
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(a) A = 3.6'. 
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Figure 9.- Effect of Mach number and dihedral angle on pitching-mment 
coefficient. B = oO. 
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(b) A = 45O. 

Figure 9.- Concluded. - 
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-70 
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0 
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% 

m2 

0 

-.002 

"004 

-. 006 

-4 0 4 8  12 /6 2U i14 
Angle or ot tock ,~  I deg 

(a) A = 3 . 6 O .  

Figure 10 .- Effect af Mach number and dihedral. angle on C . p = 54'. % 
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.s 

.9/ 
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.m 0 

.50 

.m2 

0 

% -.002 
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-4 0 4 8 12 /6 20 .W 
A@e of othck, 0 ,  deg 

(b) A = 45'. 

Figure lo.- Concluded. 
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r 
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0’ 

””” -5” 

”- 40” 

-4 0 4 8 f2 16 2V 24 

Angk of oftack, Q , deg 

(8) A = 3.6O. 

Figure ll.- Effect of Mach nrmiber and dihedral angle on ens. j3 = 24O. - 
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(b) A = 45O. 

Figure 11.- Concluded. 
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Angle of ottorck, Q, dty v 
(a) A = 3.6O. 

Figure 12.- Effect of Mach nuniber and dihedral angle on Cy p = t4'. 
B' - 
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(b) A = 450. 

Figure 12.- Concluded. - 
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(a) A = 3.6'. 

Figure 13.- Effect of Mach number on the variatlon of rolling-mment 
coefficient C2 with sideslip angle f3. CY = Oo. 
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(a) Concluded. 

Figure 13.- Continued. 
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Figure 13 

A = 4’5O. 

.- Continued. 
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(b) Concluded. 

Figure 13 .- Concluded. 
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Figure 14.- Effect of Msch numbex 
coefficient C, wfth sj 

A = 3.6'. 



s 

Sides/@ o~gle, ,8 , deg 

rN' 

M 

.94 

.s 

.9/ 

.70 

.6y3 

.m 

0 

0 

0 

0 

0 

0 
C .t 

0 s  

PL 
.01 

0 

NACA RM L53F09 

( a )  c onaudea. 

Figure 14 .- Cont imd .  

Sidedip angle, 8, deg 
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Continued. 
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(b ) Concluded . 
Figure 14 .- Concluded. 
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(a) A = 3.6O. 

Figure 15.- Effect of Mach number on the variation of lateral-force 
coefficient Cy Wth sideslip sngle f3. a = Oo. 
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Figure 15. - Continued. 
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(a) A = 3 . 6 O .  

Figure 16 .- Effect of Mach nuniber on variation of C Kith dihedral 

angle r. a = oO. 
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(b) A = 45'. 

Figure 16.- Concluded. 
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Figure 17.- Camparison of the theoretical and experimental variation 
o f  C2 XithMachnuniber. a = O O .  
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